INTRODUCTION
Radiofrequency identification (RFID) is a growing technology which replaces barcodes and optical character recognition. Wide range of applications including logistics, intelligent trace, animal tagging, asset tracking, electronic passports, smartcards and shop security, tale health made wireless RFID more popular [1] [2] . A passive tag, consisting through an antenna and a microchip transponder, is remotely interrogated by a reader.
The contents stored in the internal memory of the tag are communicated to an interrogator by modulated backscattering of the signal. The short range radio communication technology shares the digital information of the tag having Unique Identification Number (UIN).
The exchange of information takes place due to magnetic or electromagnetic coupling between the reader and the tag. The applications of RFID technology are available in different standardized unlicensed frequency bands. The Low-frequency (LF, 125,134 kHz) and high-frequency (HF, 13.56 MHz) applications are most matured and worldwide accepted. These applications are based on magnetic field coupling between the reader's and tag's coils. RFID systems at Ultra-high frequency (UHF, 860; 960 MHz) and microwave (2.4 GHz and 5.2 GHz) involves electromagnetic coupling between antennas and establishing a communication link at longer distance [3] .
Nowadays, the main challenge facing the applications of the RFID tags which require a miniature tag system, is to lower dimensions of the tag by designing good architecture of the antenna associated to the chip memory in order to facilitate their integration in all kind of products [4] , and finally using low cost materials for substrates and hence reduce their manufacturing costs.
Currently, compact printed monopole antennas especially coplanar waveguide fed antennas have received great attention in recent years due to ease of integration, low cost, wide bandwidth, flexibility towards multiband operation, low radiation leakage and less dispersion, are suitable candidates for RFID applications . Many compact CPW-monopole antennas were manufactured for multiband operation and reported in the literature [5] [6] [7] [8] [9] [10] [11] [12] [13] . Some of these monopole antennas have been investigated especially for dual band RFID applications [14] [15] . This paper proposes a new design of an uniplanar dual band G monopole antenna fed by a CPW line (see Fig. 1 ).
The proposed antenna is particularly simple in manufacturing owing to its single dielectric and single metal layer. In this study, several designs are investigated by simulation, and the characteristics of the return loss and radiation patterns are analyzed and discussed.
II. ANTENNA DESIGN
The geometry of the simple dual-frequency monopole antenna is depicted in Fig. 1 .
Fig. 1. Geometry of the proposed antenna
A 50-CPW transmission line, having a strip conductor of width W f and a gap of distance G, is used for the excitation [16] [17] [18] . The characteristic impedance of a conventional coplanar waveguide structure can be computed by using (1)
Where: 2G + Ws Ws = k1 (2) K(k1)is the complete elliptic integral of the first kind and
can be easily computed using (3) .
When taking into account the finite thickness of the substrate, the effective permittivity can be computed with (4).
Where re is the relative permittivity of the substrate and k 2 computed with (5):
In the design, two finite ground planes with the same dimensions of length L g and width W g are symmetrically on each side of the CPW feed line. By selecting a proper length of the ground plane, it is found that the first two resonant modes of the proposed antenna can be excited with good input impedance matching.
The first resonance frequency f 1 of the printed monopole antenna depends on the total length L 1 of the elements a 1 , a 2 , a 3 , a 4 , a 5 and it is chosen to have a frequency band centered at 2.45
GHz. The second resonant frequency f 2 depends on the total length L 2 of the elements a 6 , a 7 and it is chosen to be centered at 5.8 GHz. Without the element of length L 2 =a 6 +a 7 , the antenna is found to be resonating only at one resonant frequency close to f 1 , whereas by including this element in the radiating monopole, the second resonant frequency is obtained. By properly tuning the dimensions of the antenna, the antenna resonance can be fixed at 2.45 GHz and 5.8 GHz respectively.
The length of each element is proportional to the guided wavelength as follows:
Where 0 λ is the wavelength of f 1 or f 2 in free space, re ε is the effective dielectric permittivity calculated using (4) and i=1, 2.
From the obtained results it demonstrated that the length L 1 of the longer element corresponds to about 0.75 wavelength at f 1 =2.45 GHz, and the length L 2 of the shorter element corresponds to about 0.6 wavelength at f 2 =5.8GHz.
The final optimized dimensions of the antenna through EM simulations are: a 1 =28 mm, a 2 =20.5 mm, a 3 = 17 mm a 4 = 8 mm, a 5 = 11 mm, a 6 = 13.7 mm, a 7 = 10 mm, L g =12 mm, W g = 12.6mm, G=0.5, W f =3.8mm and b=2.5 mm. The dimensions (W s xL s ) of the substrate are 30 mm and 45 mm respectively.
III. SIMULATION RESULTS AND DISCUSSION
To study the influence of different parameters of the proposed antenna which affect the dual-band performances, CST simulation software has been applied to guide this design [13] , and at the same time to make a comparison with another EM solver, a second study has been conducted by using ADS software "Advanced Design System". Fig. 2 shows a comparison of the simulated return loss versus frequency for the proposed antenna using CST and ADS. It is noted that the resonant is excited with -10dB return loss. For this, the antenna is operating at two resonance frequencies 2.45 and 5.8 GHz. Fig. 2 . Comparison of simulated return loss S11 for the proposed dual-band antenna using CST and ADS.
We can observe a difference in return loss obtained with CST and ADS due to the technique of calculation used in each simulation software. CST is 3D EM simulator based upon Finite Integration Technique (FIT) while ADS is 2D EM simulator based upon the Method of Moment (MoM).
In antenna terminology, the frequency bandwidth of an antenna is generally characterized either with the lower and upper limits of frequency band (f L and f U ) or the percentage (%) bandwidth for a center frequency, which is given by (7):
Where f C is the center frequency of the band as the arithmetic mean of lower and upper frequency limits. The bandwidth of an antenna is defined as the frequency range which the performance of antenna satisfies specified standards of some antenna parameters.
The simulated bandwidths antenna was 13% for the first band and 30% for the second band. In all cases, the antenna offers sufficient bandwidth to cover all the RFID standards. Fig.3 and Fig.4 presents the 3D radiation pattern at the resonant frequencies 2.45 GHz and 5.8 GHz. The 2D radiation pattern is given by Fig. 5 and Fig. 6 in the E-plane, which shows that the antenna is omnidirectional in the low frequency 2.45 GHz and slightly omnidirectional in high frequency 5.8 GHz. The 2D radiation pattern is given by Fig. 7 and Fig. 8 in the H-plane, which shows that the antenna is also omnidirectional in low frequency 2.45 GHz. The proposed antenna has an acceptable quasi omnidirectional and stable radiation pattern required to receive information signals.
IV. CONCLUSION
In this study, an uniplanar monopole antenna with a 50 Ohm CPW Fed is designed. This validated antenna is suitable for RFID applications which can be used in the released ISM "Industrial Scientific Medical" frequency band 2.45GHz and 5.8GHz. The agreement between ADS and CST-MW results validate this antenna into simulation to resonate in the ISM band with a good matching input impedance and a stable radiation pattern, and suitable for RFID reader application. The final circuit is a low cost antenna because it's based on an FR4 substrate, having miniature dimensions and easy for integration in series with microwave integrated circuits.
